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Abstract
The paper presents a prototype of collision avoidance aircraft system and to design the horizontal and vertical movements of a
pair of such aircraft. The proposed techniques deal with optimization shape, and size of the aircraft and its various parts. The
movement of the pair of such aircraft with optimized geometrical shapes has been animated through the application of Autodesk
Maya software. The entire aerial behavior commencing from the ground movement of aircraft along the runway, takeoff, and aerial
ﬂying, horizontal and vertical movement, turning and landing and safety landing have been animated by using the said optimized
structure. An approximation ratio of the aircraft length and its wings dimension (tip to tip), to maintain the safe distance between
two aircraft (with respect to horizontal and vertical direction) has been predicted in the present study.
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1. Introduction
Flight of aircraft and its dynamics have always become an important topic to deal with by aeronautical engineers
and various scientists in that ﬁeld1. The safe passage of aircraft needs a good number of parameters related to the
structure of the aircraft. It’s shape and size, the dimension of the wings (from the tip of the left wing to the tip of the
right wings), the dimension of the ﬂapping window, the ratio of the length, breadth and depth, shape of the aircraft
tail, the diameter of the nose wheels etc.2. The height of any aircraft during ﬂight is not kept ﬁxed, rather the pilot
changes the height and speed depending on the climatic condition and by receiving a various signal from other aircraft
with the aim to avoid any type of collision and other unforeseen accident in the air. When an aircraft ﬂies in the air the
air pressure surrounding the aircraft it’s reduced to a great extent and the aircraft move towards the front the almost
very low-pressure zone is created behind and both the size of the aircraft. This effect becomes much stronger and the
aircraft moves to the far higher altitudes. The low-pressure zone in the air attracts any material body like any other
aircraft which comes within the certain distance from the periphery of the low-pressure zone. Its well-known this safe
distance should be at least 9 km in the horizontal direction and 1000 feet in the vertical direction3. The control of total
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movement of the aircraft depends on the efﬁciency of the engine as well as the geometrical structures, the dimension
of each and every external path aircraft, the dimension of the moving portion like the diameter of the nose wheels,
the length, breadth and location of the ﬂapping window of the aircraft wings. The moment of the ﬂapping windows is
an important aspect. Its speed adjustment with the winds velocity are the most crucial factors in the dynamics of any
aircraft. In the practical system which is mainly dealt with aeronautical engineers, the moment of the two airplanes in
the proximity to each other is a matter of great concern and its really difﬁcult to make an optimized designed of the
geometry of the air crafts along with all its ﬁner points, the parameters related to the ﬂying conditions4.
On the contrary, in computer animation system, it’s easier to visualize the moment of one or more aircraft ﬂying
in the high altitudes and all the related parameters of the air crafts and the movement can be optimized in computer
animation system by using bio-inspired optimization techniques, at least in the prototyping forms. In the present
study, the structural component of the external features of the ﬂying aircraft along with the position of movement are
being optimized following the algorithm of bio-inspired optimization techniques. The study has shown the optimized
dimension of the aircraft. The minimum safe distance between the two air crafts along the horizontal and vertical
directions. A scale modeled version of the ﬂying aircraft has also yielded a ratio between the aircraft length and the
safe distances. The variations of wind speed and air pressure with altitude have also been carefully modeled through
computer animation using the software animation software Autodesk Maya5. The simulation has been done with great
care in windows 7 operating system platform and the results regarding the safe distance to avoid collision is formed
to be in close similarity to the practical system seen in the ﬁeld of the aeronautical engineering. Although a good
number of studies are there regarding the optimization of the external structure of the aircraft and on various studies
on air dynamic in context of physical hardware implementation and real-time modeling of devices, but in context of
innovative design and animation study like the present one has opened up new dimension in the research world for
those who are not aeronautical engineering but greatly inspired by nature.
2. Related Works
The outline of a micro aerial vehicle (MAV) emulates the shape and size of an owl to enhance visual stealthiest in the
ﬁeld utilizing biomimicry. The outline process incorporates run of the mill obstructions for planning a plane alongside
participating in molding the vehicle like that of an owl without giving up the vehicle’s execution6. Bio-mimicry is
the act of creating outlines and advances motivated by nature. This cognizant utilization of cases from nature is a
type of connected case-based thinking accordingly regarding nature itself as a database of great arrangements for
many years7. The ﬂapping ﬂight of feathered creatures, bats, and bugs has captivated numerous scientists in different
ﬁelds, for example, science, zoology, streamlined features, and hardware due to their very productive mobility and
streamlined advantages particularly in a low Reynolds number ﬂight administration8. Some little Unmanned Aerial
Vehicles (UAVs) have been intended to mix in with nature when seen from a separation9. Hawk has high skimming
proportion and can achieve high speeds. The falcon has streamlined points of interest of the wing with opened winglets
and ﬂoating10.
3. Bio-Inspired Optimization Technique
Based on the movement of the hummingbird along with its extension features the design of the aircraft has been
accomplished in the present work by Autodesk Maya. Wing dimension of the hummingbird and their way of ﬂapping,
the speed and to change the direction of the movement drastically in any direction of the movement have been taken
into consideration during the bio-mimicry based optimization. Special care has been taken of the movement of the
hummingbird to move suddenly in a completely vertical direction. As this type of movement will have important
aspects in collision avoidance between air crafts. The style of the ﬂapping of the hummingbirdwing has been simulated
in the computer design of the moment of the ﬂapping situated on the aircraft’s wings. The novel layout, looked of
an aircraft, is depicted by three-dimensional (3D) modeling of ﬂight ﬂapping wings by mimicking the layout of a
hummingbird for its stability in extreme turbulence and high speed. This study appears in the new blueprints that
conceptually satisfy the missions of different ﬂapping wings of an aircraft. In this paper, the naturally breathed life
into ﬂight is used as a framework to design the aircraft. The wing structure, nose, and tail have been exhibited
correspondingly to the individual ﬂying birds of a hummingbird. The model showed extraordinary ﬂight quality and
has taken the kind of a feathered creature in appearance in energized recreation.
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3.1 Design inspired by hummingbirds for its speed and high stability in high turbulence
Hummingbirds make murmuring sound by their beating wings which fold at high frequencies capable of being heard
by people. They drift in mid-air at fast wing-ﬂuttering rates, normally around 50 times each second, permitting them
likewise to ﬂy at places surpassing 15m/s (54 km/h; 34mph), and backward11. Enlivened by nature, airship wing plans
that copy the altering so as to stun ﬂight of hummingbirds the life structures of the wings to upgrade the ﬂuttering
window space and soundness. Hummingbird has the elements of wings that beat up to 200 times each second. The
main feathered creatures ready to drift, ﬂy in reverse, and even upside down. To survive the night, they lighten up their
plumes and modify their indoor regulators, diminishing their body temperatures signiﬁcantly and lessening their heart
rate from 600 thumbs for each moment to an unimportant 36. Every one of these elements enormously motivated to
plan a theoretical 3D demonstrating of an airship for better speed and soundness. The transforming of airship lightening
windows, nose and tails are ﬁnished by imitating the physical structure of hummingbird wings and nose.
To physically execute the model, all things considered, actuators are proposed like different streamlined features
airplane to accomplish blowing, winding and undulating shape changes. Sensors to give signals and so forth.
Transforming wings might maintain a strategic distance from mishaps amid take-off, landing.
4. Design Principle and Experimental Procedure
The present design carried out best by the software Autodesk Maya 2015 student version on windows 7 platform.
The sole purpose of the work is forecast on the collision avoidance between two ﬂying air crafts, especially they happen
to come within the risk zone during the passage. The efﬁciency of the design will be proved when the animated objects
(air crafts) will be found in a position to automatically adapt to the situation which may come into the scenario. The
shape of the aircraft has to be of modular in nature to minimize the friction loss with the air and this shape is almost
omnipresent in aerial and like birds and ﬁshes etc. The aircraft has got wheels, their positions shapes, and size is also
very important for take-off and landing purposes. The animated aircraft done in the present work has provided the
option of such wheels which optimized shape, size etc. Which are comfortable to the realistic airplanes. The climatic
condition during the ﬂight always poses some challenges in the ﬁeld of aeronautics and real aircraft are to be adaptive
to the variation of air density, air pressure and its temperature and wings speed and its direction as the dimension of
the wings are ﬁxed and these have a perfect relationship with the aircraft, the dimension can’t very. To overcome with
this problem various ﬂapping windows are designed on the aircraft’s wings certain length and breadth. These windows
are capable of opening and closing. According to the variations of the wings speed, direction of the wings with respect
to the aircraft.
In the present study the ﬂapping windows are designed on the animated aircraft with great intricacy, so has to
make the movement of the aircraft very smooth. The Autodesk Maya software has provided sufﬁcient option to
prefer robustness to the structure of the aircraft, their wings, front portions (nose, tail, ﬂapping windows, contactable
predictable wheels). It has made the present design on the animated version to be a near realistic one. Sufﬁcient
providence is also true to add enough mechanical strength and robustness of the modular structure of the aircraft itself
and its wings. The structure and their geometrical shapes, locations and the mutual ratios between the dimension’s
would altogether add sufﬁcient resilience to the aircraft structure as a whole to stand with wide variations of the
extreme turbulence, lightning, thunder shower, deep fog, strong haze, deep smoke and strong smog’s. All these factors
have been carefully taken care of the present study with the variation horizontal and vertical location of the aircraft
itself. The designed aircraft in animated version are highly capable of ﬂying at the higher altitude (of the 10 miles or
more). Adequate care in the design procedure has been taken care to make the certain lateral shape of the aircraft when
a second one comes to its proximity (in real case 5km). The location of the second nearby aircraft with determining by
the signal received by the receiving antenna builds in the aircraft. The receiving antenna converse the received signal
to the current meter situated in the cockpit when a second aircraft come in its zone the vicinity of receive signal will
become more than average one (as in the normal case) and this will, in turn, give more current in the current meter and
the level of current will determine the position of the neighboring aircraft. The software will provide sufﬁcient accuracy
in the design and movement of the two aircraft simultaneously. May give a prototype of the realistic situation. The 3D
modelling of the aircraft maintains the standard geometrical properties of various components of the aircraft like the
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Fig. 1. The Movement of An Airplane in Various Directions.
distance between nose to tail and wingtip to the top. The wing dimension in concern of length, breadth and ﬂapping
of the wing. Nose wheel dimension and nose wheel speed in rotation per minute. The speed of ﬂapping window on
aircraft. Minimum breadth at the tail. Minimum breadth of the middle. Minimum breadth of the middle of an aircraft
and also follows the properties of a hummingbird to design few components of aircraft for optimal result.
5. Results and Explanations
A proposed hummingbird’s inspired design of aircraft ﬂapping wings are long, limited and decreased to give it
better nimbleness noticeable all around. The wing shape designed such a way, which permits the ﬂapping wing to turn
and tilt whenever required. The design of ﬂapping window follows the structure and behavior of the winged creature’s
capacity to change ﬂight bearings and ﬂoat. The nose is also designed inspired by the hummingbird to give optimal
result during ﬂight. The animated simulations are showing virtual results of the proposed design techniques.
Figure 1(a) (b) (c) (d), shows the movement of an airplane in various directions. It is indicating the side view of
an airplane. The shape and geometry of an airplane have been determined from biomimicry-based optimization. The
optimization is done in animated version by following the proportional constants between different part of the airplane
between length to breadth, wing length and length of the plane, the ratio between ﬂapping window width and wing
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Fig. 2. Animation Showing the Collision Avoidance Between two Flying Airplanes Parameters of the Airplane.
Fig. 3. Horizontal and Vertical Movement of Aircraft. Fig. 4. Takeoff of Aircraft.
Fig. 5. Horizontal and Vertical Movement of Aircraft.
Fig. 6. Safety Landing of Aircraft.
breadth, etc. The ﬂapping windows located on the window wings are designed with the similarity of bird’s wings. The
speed of movement of the ﬂapping window in airplanes depends on the wind speed and it directions. The same sets of
the rule are followed by any bird when it ﬂies in the direction or opposite directions of the wind speed. The variation
of wing movement of any bird not a constant ﬁgure for all the bird. The same also various with the altitude of the bird
from the ground plane. The areal movement and it speed also depend on the altitude at which it ﬂies. The optimization
is done by successive approximation method followed by iterations of various geometrical parameters of the airplane.
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The ultimate speed of the airplane is kept in this animated version which is found to be similar to this practical ﬂight
of any aircraft. Figure 2, indicates the collision avoidance between a pair of aircraft to avoid any accidents. The 3D
development of the pair of such ﬂying machine with upgraded geometrical shapes has been energized mimicking the
ﬂying principle of hummingbirds.
6. Advantages Compared to Existing Aircraft
The present study has dealt with the collision avoidance during the aerial movement. The air trafﬁc route to
reportedly congested12 and generate caution to require to avoid any accidents. Despite the best application of
aeronautical engineering knowledge, still there is a possibility of collision between aircraft as well as an airplane
crash. The current work has been able to visualize the entire movement of two aircraft with optimized design to avoid
any type of accident.
7. Conclusions
The prototype design of collision avoidance aircraft system has been made along with the animated version of
the movement of two aircraft for safe passage through the air. The movement wise optimization of the aircraft has
made the study found reliable sense. The animated version of movement of aircraft with optimized dimension based
on biomimicry is expected to great use in the practice ﬁeld of aeronautical engineering. The wind turbulence, optical
visibility, and fog or darkness is a future scope to simulate in Autodesk Maya software, depending on the situation.
Dedication
I Kuldip Acharya (author one) dedicate my creative work to my loving father Dr. Kalidas Acharya with my endless
love and immortal memory of him.
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